Abstract. An abnormal extra band was found on the short arm of the X chromosome in a 46,XYfemale and in her 46,XYfemalefetal sibling. Despite presence ofthe intact Y chromosome, there was no evidence of testicular differentiation in either subject. Production of H-Y antigen was suppressed in both subjects. The data suggest that development of the mammalian testis requires a normal function of the X chromosome.
In mammals the initially undifferentiated gonad develops as a testis in These observations connote a human analog of the wood lemming condition: X-linked suppression of testis-determining H-Y genes in 46,XY phenotypic females with streak gonads (gonadal dysgenesis) (6) . In fact there are numerous reports of familial XY gonadal dysgenesis in man. In several of these cases, the pedigree suggests an X-linked mode of inheritance (7). Here we describe failure of testicular differentiation in two 46,XY female sibs, both exhibiting a striking abnormality of the short arm of the X chromosome. The case provides rather more direct evidence of a critical role of the X chromosome in primary sex determination of the mammal in general and of man in particular.
Chromosome studies on a profoundly retarded girl with multiple congenital abnormalities revealed a karyotype of 46,Xp+Y in peripheral blood and skin fibroblast metaphases (Xp+ represents additional material on the short arm of the X; see Fig. 1 , III-2). The Giemsa banding pattern of the abnormal X suggested duplication of the p21 and p22 bands, that is, 46,dup(X)(p2l-*pter)Y. The Y chromosome was morphologically normal and indistinguishable from the Y chromosome of the father (Fig. 1, II-4 ) and paternal grandfather (Fig. 1, I-3) . Evidently, the aberrant X chromosome was derived from the mother. The proband's maternal grandmother (Fig. 1, I -2), mother (Fig. 1, 11-2) , and a younger phenotypically normal sister (Fig. 1, III- 3) all had a karyotype of 46,XXp+. The proband died at 5 years of age. Autopsy disclosed female internal genitalia and microscopic ovarian remnants consisting of ovarian stroma and degenerating primordial follicles. No testicular tissue was found. Complete details of the case will appear elsewhere (8) .
Amniocentesis, performed on the mother during a subsequent pregnancy, revealed cells with a karotype identical to that of the proband (Fig. 1, III-4 (1) (2) (3) (4) (5) . Typical heart-type isozymes of LDH are severely inhibited by pyruvate concentrations within the physiological range and display a relatively low Km for this substrate. Substrate inhi- Table 1 . Effect of preliminary incubation with the acetylpyridine analog of NAD+ on the activity of Atlantic hagfish lactate dehydrogenases. Enzyme was first incubated for 10 minutes at 25°C in the presence of 3.3 x 10-4M pyruvate or 1.0 x 10-2M pyruvate, and 1.43 x 10-6M acetylpyridine analog of NAD+. Enzyme activity of micromoles of NADH oxidized per minute was then determined in the presence of natural cofactor under conditions described (14). The ratio reported is the activity at 3.3 x 10-4M pyruvate divided by activity at 1.0 x 10-2M pyruvate.
Isozyme
Activity ratio
Muscle (A4) 1 .01 Heart (B4)
2.99 wald, G. C. Koo, S. S. Wachtel,J. Med. Genet., in press. 9. It may be argued that structural testis-determinants are situated on the X chromosome and activated by genes on the Y; see, for example, J. (5, 6) .
Lactate dehydrogenases of Atlantic hagfish (Myxine glutinosa) provide an excellent system for examining both evolution and physiological roles of LDH isozymes. The hagfish has two forms of LDH which correspond to the A4 and B4 isozymes of higher vertebrates in both relative electrophoretic mobility and tissue distribution (7, 8 Abstract. Isozymes of lactate dehydrogenase from heart and muscle of Atlantic hagfish show less functional divergence than those from otherfishes and higher vertebrates. The enzyme from hagfish heart (B4) displays a higher Michaelis constant for pyruvate and lower substrate inhibition at moderate pyruvate concentrations than heart isozymes from other species. These properties support the hypothesis that the ancestral vertebrate lactate dehydrogenase was a muscle (A4) -type enzyme and also suggest a role for the B4 enzyme in the unusual physiology of hagfish cardiac tissue which functions under sustained hypoxic conditions. 76.9
